SYNOPSIS The case of a patient with cirrhosis of the liver suffering from severe haemolysis accompanied by circulating 'spur cells' is described. Studies performed in an attempt to determine the cause for the abnormal shape of the erythrocytes demonstrated that the patient's serum could induce spur formation in normal compatible cells. Several lines of evidence pointed to the possibility that the factor inducing the spurs was a protein. By column chromatography and gradient ultracentrifugation it was shown that the patient's low density lipoproteins could induce spurs to form in normal cells.
In 1964, Smith, Lonergan, and Sterling first described a syndrome consisting of bizarrely shaped erythrocytes associated with intense haemolytic anaemia in a young man with hepatic cirrhosis. They termed this syndrome 'spur cell anaemia'. Since then one more case has been reported in detail (Silber, Amorosi, Lhowe, and Kayder, 1966) , and seven others have been briefly described (Grahn, Dietz, and Stefani, 1966) . Excluding the report of Silber et al (1966) , in all cases incubation of the patient's serum with normal compatible erythrocytes induced spur-like deformities in the cells. This effect persisted when serum was dialysed (Smith et al, 1964; Grahn et al, 1966) profuse bleeding following a tooth extraction. His urine had become dark brown two days before admission. Upon questioning, the patient admitted drinking one to two quarts of rum daily for the past six months and to 'heavy' drinking for the previous five years.
On admission, physical examination was as follows: blood pressure 130/80 mm Hg; pulse, 96/min; temperature, 98-6°F; and weight, 170 pounds. The sclerae were jaundiced, and there was blood on the gums and teeth. The liver was felt 4 to 5 cm below the right costal margin, but the spleen was not palpable. There was no ascites or oedema. Multiple spider angiomata were noted on the chest and back.
Laboratory studies showed: haemoglobin, 11-8 g/100 ml; haematocrit, 39% white blood cell count, 7,650 per cu mm with a normal differential and normal platelet count. Routine coagulation studies were normal. Total serum bilirubin was 4-6 mg/100 ml with a direct reacting fraction of 14 mg/100 ml. Serum glutamic oxalacetic transaminase, 116 u: serum glutamic pyruvic transaminase, 44 u; lactic dehydrogenase, 330 u; alkaline phosphatase, 10 Shinowara-Jones-Reinhart units (normal 2 to 9); serum cholesterol, 260 mg % with 540% He was readmitted on 6 April 1963, with complaints similar to those on his previous admission. Although he had carefully watched the colour of his urine, he had not noticed any change until 10 days before admission, when it again became dark. At that time he had been on a drinking spree during which he drank from two to two and a half quarts of rum daily. He denied any 620 change in the colour of his stool. Examination revealed marked icterus of all mucous membranes and skin. The liver was felt four fingerbreadths below the right costal margin; the tip of the spleen was palpable. There was ascites. Examination was otherwise similar to the one during his first admission.
Laboratory examinations: haemoglobin, 9-9 g/100 ml; haematocrit, 31 %; red blood cells, 3-29 millions cu mm, and white blood cells, 9,950 cu mm, with a normal differential count. On several occasions, numerous acanthocyte-like cells were seen in peripheral blood smears. Urine analysis was normal. Total serum bilirubin was 10-8 mg/100 ml with 4-1 mg/100 ml direct-reacting bilirubin. Prothrombin time was 24 sec with a control of 13 seconds. Serum albumin, 3-2 g/100 ml; serum globulin, 5-3 g/100 ml. Cephalin flocculation test was 4 + in 48 hours. Serum enzyme determinations were as follows: SGOT, 58 u; SGPT, 26 u; alkaline phosphatase, 13-6 SJR u. Total serum cholesterol was 347 mg/100 ml, and total serum lipids 403 mg/100 ml. Serum ,-lipoproteins were normal. Stools were repeatedly Guaiac negative.
51Chromium tagged red blood cells showed a half-life of 13 days (normal = 30 ± 3 days) with a predominant uptake of radioactivity over the spleen. Urine urobilinogen was 3-76 Ehrlich units in 24 hours. Faecal urobilinogen was 610 Ehrlich units in 24 hours. Reticulocyte counts ranged from 0 9 % to 7-3 %. Coombs and cold agglutinin tests were repeatedly negative. The patient was given diuretics and was placed on bed rest. On this occasion, a barium swallow showed prominent oesophageal varices. Improvement was slow, but the decrease in serum bilirubin level fell definitely. By 28 May 1963, there had been a decrease in the reticulocyte count, the spleen was not palpable, and the haemoglobin had risen to 11-0 g/100 ml. The patient was discharged to be seen as an outpatient but did not return until 6 May 1964 for his third and last admission. He admitted to having drunk over one to one and a half quarts of rum daily for the previous three months. There was marked ascites and oedema as well as jaundice. Neither the liver nor the spleen were palpable. Once more numerous spur cells were seen in the blood smears. Liver function tests POST-MORTEM FINDINGS Marked icterus of skin and mucous membranes was noted. There were large oesophageal varices. The abdominal cavity contained 1,700 ml of yellowish ascites fluid. Although the spleen was markedly enlarged (weight, 660 g), it did not extend below the costal margin. Histological examination of this organ revealed marked congestion and haemorrhage of the red pulp. The liver was nodular and weighed 1,100 grams. Histologically there were few fatty changes but a severe postnecrotic type of cirrhosis was present.
SPECIAL STUDIES
In an attempt to determine the cause of the abnormal shape of the red cells, the following studies were done. Incubation of compatible normal red cells, and those of a cirrhotic patient with the patient's plasma at 37°C for one to six hours caused the formation of spur cells in both instances (Fig. 1 ). These were observed in both 'dry' and 'wet' smears of the erythrocytes. In contrast, normal and icteric plasma from another patient failed to produce the defect in normal compatible cells. These two procedures were repeated on several occasions with identical results. The patient's plasma retained its capacity to produce spurs after freezing and thawing. Dialysis of the plasma at room temperature for 24 hours did not inhibit its capacity to induce spurs. As in the experience of others (Smith et al, 1964) , the dialysate possessed no activity whatever. Serum that had been kept frozen for six months retained its spur-forming capacity.
To further elucidate the nature of the spurproducing substance, fractionation of the serum was performed using Sephadex G-200 following the procedure described by Rivera, Toro-Goyco, and Matos (1965) . A fractionation pattern similar to that reported by these investigators for other cirrhotic patients was obtained (Fig. 2) experiment. One-half ml of each protein fraction so obtained was incubated with 0-5 ml of normal compatible erythrocytes at 37°C. Erythrocytes alone were also incubated. One drop samples of each mixture were examined at 0, 10, 30, 60, and 120 minutes of incubation (Fig. 4) cell with spurs was seen in the mixture corresponding to peak B. In mixture A, 20% of the cells at 5 min and 85 % at two hours showed spurs (Fig. 3) , strongly suggesting that the cause of the defect was a macroglobulin or a macroglobulin-bound compound.
To further identify the protein responsible for the formation of spurs, the following experiment was carried out.
A sodium chloride solution with a density of 1-30 g per ml was placed in a 5 ml lusteroid tube (1 x 5 cm). Two ml of the patient's serum was layered over the saline. After this 1 ml of sodium chloride solution with a density of 1-005 g per ml was layered over the serum. This preparation was centrifuged in a swinging bucket rotor (SW 39) in a Spinco preparative ultracentrifuge for 18 hours at 105,000 g (40,000 cpm). After this time the tube was carefully removed to avoid mixing of the phases. One ml of the superiormost phase containing the low density liproproteins was removed (fraction 1) as well iUloinIg in n1ru 1 U 11i.
It has been reported (Smith et al, 1964; Sterling, Rose, Smith, and Lonergan, 1964 ) that red blood cell cholesterol is raised in spur-cell anaemia. In order to see if our patient also exhibited this feature, erythrocyte cholesterol (total and free) and percentage of esterification were determined in this patient by Dr Marta Cancio, utilizing a modification of the method of Zak (1957) . Table II presents the normal values for our laboratory and the results in our patient, in two patients with uncomplicated liver cirrhosis, and in a patient with haemolytic anaemia. It is of interest that, although the plasma cholesterol values were within normal values, a marked decrease in both total and free cholesterol was present in the erythrocytes of our patient. By contrast, in two other cirrhotic patients and in one patient with acquired haemolytic anaemia utilized as controls, these values were normal.
DISCUSSION
The present studies are in accord with the original suggestion of Smith et al (1964) that a protein may be the cause of spur-cell formation in cirrhotics. More specifically, as has been shown to be the case Because of the circumstances under which our experiments were performed (only 3-5 to 5 0 ml of plasma was available for study) further elucidation of the role played by other proteins and more precise characterization of the low density lipoproteins could not be carried out. The overwhelming difference between fractions 1 and 2 (see Fig. 4 ), however, leave no doubts as to the primordial role of the low density lipoproteins in producing spur cells in the present case.
The failure of Silber et al (1966) to demonstrate spur cells when serum from their patient was incubated with normal compatible cells deserves comment. It seems possible that this particular patient represents an entity different from the one described presently and that described by Smith et al (1964) and Grahn et al (1966) . On the other hand, it is also possible that other factors not readily identifiable may also induce spur cells in cirrhotics. Although no particular effort has been made to determine the incidence of spur cells in cirrhosis, extensive and detailed studies of the anaemia seen in this disease (Jandl, 1955; Kimber, Deller, Ibbotson, and Lander, 1956 ) have failed to describe either the morphological abnormality or the degree of haemolysis presented by the patients so far described. The possibility raised by Silber and his colleagues that the passage of the cells through the arteriovenous shunts known to be present in liver cirrhosis may be the cause of spur cells seems highly unlikely. If this were the case, in view of the almost universal presence of these shunts in cirrhotics (Silverstein, 1956 ), one would expect the incidence of spur cells in cirrhosis to be higher than so far appreciated. It is possible that under special circumstances high flow rates through these shunts might lead to erythrocytic morphological changes; however, one would expect these changes to resemble closer the ones seen in microangiopathic haemolytic anaemia (Brain, Dacie, and Hourihane, 1962) Although Sterling and his associates (1964) showed a marked increase in erythrocyte cholesterol in a patient with spur-cell anaemia, they were able to observe the anomaly in cell shape even when redcell cholesterol was normal, and therefore, discarded the possiblity that excess cholesterol in the cell was responsible for the spur formation. Our findings of a low erythrocyte cholesterol content support this view. In addition, in a number of diseases a high erythrocyte cholesterol content has been found without abnormalities in the normal shape of the erythrocytes (Brun, 1939) .
The morphological similarity between spur cells and the acanthocytes seen in congenital absence of ,B-lipoproteins (Salt, Wolff, Lloyd, Fosbrooke, Cameron, and Hubble, 1960; Bassen and Komzweig, 1950) makes it necessary to differentiate between the two conditions. In view of the absence of neurological disorders, retinitis pigmentosa, and malabsorption syndrome and the presence of normal serum P-lipoproteins, the possibility that our patient suffered from the syndrome described by Bassen and Komzweig (1950) may be discarded. In addition, the massive rate of haemolysis seen in our patient is in contradistinction to the small haemolysis in vivo observed in abetaliproproteinaemia (Simon and Ways, 1964) . No evidence of renal disease, gastrointestinal bleeding (Schwartz and Motto, 1949) , or severevasculardisease (Brain et al, 1962) was observed in the present case and therefore they may all be excluded as causes for the abnormal shape of the erythrocytes.
Although investigations regarding erythrocyte energy metabolism and transport were not carried out, it would appear reasonable to assume that the great degree of haemolysis was in part the result of increased removal of cells with altered mem-branes from the circulation. The increased uptake or radioactive label over the spleen is evidence that this suggestion is correct.
